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http://dxObjective: The objective of this study was to test the hypothesis that limited (<1 cm) right ventriculotomy
(RV-tomy) in the setting of transannular tetralogy of Fallot (TOF) repair might result in less right ventricular
(RV) dilatation and dysfunction compared with conventional RV-tomy.
Methods:Between June 2002 and April 2012, 113 patients with transannular repair of TOF underwent magnetic
resonance imaging (MRI). Patients were divided into a limited RV-tomy group (n ¼ 39) and a conventional
RV-tomy group (n ¼ 74). Thirty-nine patients from each group were matched for comparison using propensity
scores. The MRI parameters of the 2 groups were compared.
Results: The interval between TOF repair and MRI examination was shorter in the limited RV-tomy group
(limited, 12.7 3.8 years; conventional, 17.2 4.7 years; P<.001). Indexed RV volumes were similar between
the groups (RV end-diastolic volume index: 149  31 mL/m2 vs 152  42 mL/m2; P ¼ .704. RV end-systolic
volume index: 70 24 mL/m2 vs 77 38 mL/m2; P¼ .313). There was no difference in the RVejection fraction
between the groups (54% 9% vs 51% 9%; P¼ .160). Propensity score–matched comparison also revealed
no differences in RV volume and function.
Conclusions: No long-term benefits of limited RV-tomy were demonstrated compared with conventional
RV-tomy in patients who underwent transannular TOF repair, at least in terms of RV volume and function.
Further studies are necessary to define the role of limited RV-tomy in patients who undergo transannular
TOF repair. (J Thorac Cardiovasc Surg 2014;147:889-96)Surgical treatment of tetralogy of Fallot (TOF) has dramat-
ically improved the outcome of this most common cyanotic
heart defect.1,2 Currently, repair of TOF is being performed
with low operative mortality.3,4 However, a substantial
number of patients are exposed to chronic pulmonary
regurgitation (PR) after repair if their pulmonary valve
function cannot be preserved at the time of repair. The
resultant chronic volume overload can lead to right
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The Journal of Thoracic and Caheart failure symptoms, arrhythmias, and sudden death.5-7
Nowadays, pulmonary valve replacement (PVR) has
become common practice to avoid the dreadful sequelae
of chronic PR, although this procedure is not without
problems.8-13
Traditionally, a transventricular approach with a large
RV-tomy was commonly used for TOF repair. However,
because late RV dilatation/dysfunction and an increased
risk of ventricular arrhythmia were believed to be related,
at least in part, to the presence of a large RV incision, a
transatrial transpulmonary approach has been adopted by
many centers to minimize or avoid these problems.14-16
With the transatrial approach, the RV incision, if any, can
be limited to a short length just enough to relieve the RV
outflow tract obstruction, usually less than 1 cm. Even
when a transannular incision is unavoidable, this so-called
limited RV-tomy is believed to be superior to conventional
large RV-tomy in terms of preventing RV dilatation and
dysfunction in the long term.14,17 However, the long-term
benefits of limited RV-tomy relative to conventional RV-
tomy in the setting of transannular TOF repair have not
been demonstrated. The objective of this study was to testrdiovascular Surgery c Volume 147, Number 3 889
FIGURE 1. Distribution of limited versus conventional right ventriculot-
omy according to the year of repair.
Abbreviations and Acronyms
EF ¼ ejection fraction
MRI ¼ magnetic resonance imaging
PR ¼ pulmonary regurgitation
PVR ¼ pulmonary valve replacement
RA ¼ right atrium
RV ¼ right ventricular
RV-tomy ¼ right ventriculotomy
TOF ¼ tetralogy of Fallot
VSD ¼ ventricular septal defect
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Dthe hypothesis that limited RV-tomy might result in less RV
dilatation and dysfunction compared with conventional RV-
tomy in patients who underwent transannular TOF repair by
analyzing magnetic resonance imaging (MRI) parameters.
PATIENTS AND METHODS
The institutional review board of our institution has approved this retro-
spective study and waived the need for individual patient consent.
Study Population
By searching the database of our institution, we identified 113 patients
who had undergoneMRI for evaluation of PR between June 2002 and April
2012 after transannular repair of TOF. A total of 1135 patients underwent
TOF repair during the same period when the study population underwent
TOF repair. Patients with other significant confounding congenital heart
defects, significant (at least a moderate amount) regurgitation of other
valves, poor MRI quality with resultant inaccurate volumetry data, and
no information about the extent of the RV-tomy were excluded from
this study. If a patient underwent multiple MRI examinations during
follow-up, the latest examination was used for analysis. The medical
records of these patients were reviewed.
Operative Data at TOF Repair
Thirty-nine patients (34.5%) underwent limited (<1 cm) RV-tomy and
74 patients (65.5%) underwent conventional RV-tomy. There was an
obvious trend favoring limited RV-tomy over conventional RV-tomy
throughout the period when these patients underwent repair (Figure 1).
This trend reflects the change in our center’s approach for TOF repair as
transatrial transpulmonary repair of TOF gained popularity. The ventricular
septal defect (VSD) was closed through the RV in all patients who under-
went conventional RV-tomy. For the limited RV-tomy group, the VSD was
closed through the right atrium (RA) in 34 patients, through the RV in 4
patients with subarterial VSD, and through the RA/RV in 1 patient.
Materials used for the transannular patch were autologous pericardium
(n ¼ 65), bovine pericardium (n ¼ 17), Dacron (n ¼ 16), polytetrafluoro-
ethylene (GoreTex;W.L. Gore&Associates, Flagstaff, Ariz; n¼ 3), and no
information (n ¼ 12). Immediate postoperative pressure data by direct
measurement were available for 72 patients (63.7%), and the mean systolic
pressure ratio between the right and left ventricles was 0.57  0.16. There
was no difference in the pressure ratio between limited and conventional
RV-tomy groups (0.55  0.15 vs 0.59  0.16; P ¼ .241).
Cardiac MRI
MRI studies were performed with a 1.5-Tesla Gyroscan Intera CV
system (Philips Medical Systems, Best, The Netherlands). Biventricular
volumetric analysis was performed using Extended MR Workspace
software (Philips Medical Systems). The details of the MRI protocol890 The Journal of Thoracic and Cardiovascular Surgused in our institution for assessment of patients with repaired TOF have
been described previously.11
Statistical Analysis
SPSS version 18.0 (SPSS Inc, Chicago, Ill) was used for statistical
analysis. Data were expressed as frequency (%) or mean  standard devi-
ation as appropriate. Comparisons between independent groups were per-
formed using the independent samples t test or the Mann-Whitney test as
appropriate. Comparisons between paired groups were performed using
the paired t test. Dichotomous variables were analyzed using the c2 test
or the Fisher exact test as appropriate. Time-to-event analyses were
performed using the Kaplan-Meier actuarial method. Comparison of the
stratified Kaplan-Meier curves was performed using the log-rank test.
To overcome baseline differences, patients from each group were
matched for comparison using propensity scores. The propensity score is
a subject’s probability of receiving a specific treatment (limited or conven-
tional RV-tomy) conditional on the observed covariates.18 The propensity
score was estimated using binary logistic regression with covariates of
sex, age at TOF repair, and history of previous shunt. A matched sample
was created by matching patients from each group on the logit of the pro-
pensity score using calipers of width equal to 0.2 of the standard deviation
of the logit of the propensity score.18 Greedy nearest-neighbor matching
without replacement was used to form pairs of matched patients. After
matching, the balance in the baseline covariates between the groups was
assessed using standardized difference and the groups were considered
balanced if the standardized difference was less than 0.1.19 Paired t tests
were used to estimate the effect of treatment on the outcomes.
RESULTS
Data at MRI Examination
New York Heart Association functional class was I in 63
patients, II in 46, III in 1, and not available for 3 patients.
Grade of tricuspid regurgitation assessed by echocardiogra-
phy was none in 13 patients, trivial in 42, mild in 57, and notery c March 2014
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Davailable in 1. Only 1 patient in the conventional RV-tomy
group showed a peak pressure gradient across the RV
outflow tract greater than 40 mm Hg. Electrocardiographic
data were available for 76 patients (67.3%), and the mean
QRS duration was 141  29 milliseconds. Cardiopulmo-
nary exercise test data were available for 47 patients
(41.6%), and the mean peak oxygen consumption was 30
 6 mL/kg/min (73%  17% of the predicted value).C
HAnalyses of MRI Parameters
Table 1 shows MRI data for the study population and an
overall comparison between patients with limited versus
conventional RV-tomy. The mean age at the time of TOF
repair was younger in the limited RV-tomy group. The
mean interval between TOF repair and MRI examination
was shorter in the limited RV-tomy group. PR fraction
and indexed RV volumes were not statistically different be-
tween the groups. There was no statistically significant dif-
ference in the RVejection fraction (EF) between the groups.
Thirty-nine patients from each group could be matched
for comparison using the propensity score and the groups
were well balanced for covariates of sex, age at the time of
TOF repair, and history of previous shunt (Table 2). The pro-
pensity score matched comparison also revealed no signifi-
cant differences in PR fraction, indexed RV volumes, and
RV EF despite the shorter interval between TOF repair and
MRI examination in the limited RV-tomy group.Clinical Outcomes
Follow-up completeness measured by calculating the
Clark index20 was 92.8%. The mean follow-up duration
was shorter in the limited RV-tomy group (14.5  3.5 years
vs 21.1 4.2 years; P<.001). Fifteen patients in the limitedTABLE 1. Magnetic resonance imaging data for the study population and
ventriculotomy
Variable All patients (n ¼ 113) Limited
Sex (male:female) 64:49
Age at repair (y) 2.8  3.4
Shunt before repair 8/113 (7.1%)
Age at MRI (y) 18.5  6.6
BSA at MRI (m2) 1.53  0.28
Interval between repair and MRI (y) 15.7  4.9
PR fraction (%) 45  9*
RV EDVI (mL/m2) 151  38
RV ESVI (mL/m2) 75  34
RV EF (%) 52  9
LV EDVI (mL/m2) 74  12
LV ESVI (mL/m2) 29  9
LV EF (%) 61  7
RPA dimension (mm/m2) 9.0  2.6y
LPA dimension (mm/m2) 7.3  2.5y
RV-tomy, Right ventriculotomy;MRI, magnetic resonance imaging; BSA, body surface are
dex; ESVI, end-systolic volume index; EF, ejection fraction; LV, left ventricular; RPA, right
not available for 2 patients.
The Journal of Thoracic and CaRV-tomy group and 54 patients in the conventional RV-tomy
group underwent PVR because of PR. Freedom from PVR at
20 years was 29.5% 14.5% for the limited RV-tomy group
and 38.1%  6.2% for the conventional RV-tomy group
(P ¼ .213; Figure 2). Two patients in the conventional RV-
tomy group underwent reoperation for RV outflow tract
obstruction during follow-up (no difference in freedom
from reoperation for RV outflow tract obstruction between
the 2 groups; P ¼ .468). One patient in the limited RV-
tomy group died of ischemic brain injury after PVR (no dif-
ference in survival between the 2 groups; P ¼ .163). Two
patients in the conventional RV-tomy group developed atrial
flutter/fibrillation during follow-up (no difference in freedom
from arrhythmia between the 2 groups; P¼ .371). There was
no difference in QRS duration between the limited and the
conventional RV-tomy groups (143  25 milliseconds vs
141 32 milliseconds; P¼ .781). No significant ventricular
arrhythmias were detected during follow-up. There was no
difference in the peak oxygen consumption between the
limited and conventional RV-tomy groups (29  6 mL/kg/
min vs 30  6 mL/kg/min; P ¼ .412).DISCUSSION
Although repair of TOF is being performed with excellent
operative survival, well-documented long-term sequelae
associated with chronic PR have emerged as great challenges
for clinicians.5-13 However, despite this awareness of the late
consequences of chronic PR, ventriculotomy with
transannular patch remains the most prevalent technique
currently used for TOF repair.3,4 The conventional
transventricular approach with a large RV-tomy for TOF
repair provides excellent exposure for closure of the VSD
and relief of the RVoutflow tract obstruction at the expenseoverall comparison of patients with limited versus conventional right
RV-tomy (n ¼ 39) Conventional RV-tomy (n ¼ 74) P value
21:18 43:31 .664
1.8  2.0 3.3  3.9 .007
3/39 (7.7%) 5/74 (6.8%) 1.000
14.5  4.8 20.6  6.5 <.001
1.38  0.32 1.61  0.22 <.001
12.7  3.8 17.2  4.7 <.001
43  10 45  9* .270
149  31 152  42 .704
70  24 77  38 .313
54  9 51  9 .160
72  11 75  13 .212
26  7 31  10 .009
64  6 60  7 .002
9.7  2.7 8.6  2.5y .027
7.5  2.3 7.2  2.6y .569
a; PR, pulmonary regurgitation; RV, right ventricular; EDVI, end-diastolic volume in-
pulmonary artery; LPA, left pulmonary artery. *Data not available for 1 patient. yData
rdiovascular Surgery c Volume 147, Number 3 891
TABLE 2. Propensity score matched comparison between patients with limited versus conventional right ventriculotomy
Limited RV-tomy (n ¼ 39) Conventional RV-tomy (n ¼ 39)
Covariates used for matching SD
Sex (male:female) 21:18 21:18 .000
Age at repair (y) 1.8  2.0 1.9  2.3 .030
Shunt before repair, n (%) 3 (7.7) 3 (7.7) .000
MRI data P value
Age at MRI (y) 14.5  4.8 18.3  4.6 <.001
BSA at MRI (m2) 1.38  0.32 1.57  0.24 .002
Interval between repair and MRI (y) 12.7  3.8 16.4  3.8 <.001
PR fraction (%)* 42  10 46  9 .205
RV EDVI (mL/m2) 149  31 152  48 .757
RV ESVI (mL/m2) 70  24 77  46 .430
RV EF (%) 54  9 52  10 .372
LV EDVI (mL/m2) 72  11 75  15 .365
LV ESVI (mL/m2) 26  7 30  12 .076
LV EF (%) 64  6 61  8 .037
RPA dimension (mm/m2)y 9.7  2.8 8.3  2.2 .010
LPA dimension (mm/m2)y 7.3  2.2 6.6  2.1 .189
SD, Standardized difference; RV-tomy, right ventriculotomy; MRI, magnetic resonance imaging; BSA, body surface area; PR, pulmonary regurgitation; RV, right ventricular;
EDVI, end-diastolic volume index; ESVI, end-systolic volume index; EF, ejection fraction; LV, left ventricular; RPA, right pulmonary artery; LPA, left pulmonary artery.
*Data not available for 1 pair. yData not available for 2 pairs.
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Dof increased risk of RV dysfunction and ventricular arrhyth-
mias in the long term. The transatrial transpulmonary
approach has thus been popularized to avoid or minimize
such problems by avoiding or limiting RV-tomy. Some
studies have suggested short-term benefits of limited RV-
tomy compared with conventional RV-tomy in terms of RV
volume and function.15,21 In this context, it is possible to
hypothesize that limited RV-tomy in the setting of transannu-
lar TOF repair might also result in less RV dilatation andFIGURE 2. Freedom from pulmonary valve replacement (PVR) accord-
ing to the type of right ventriculostomy (RV-tomy). Numbers below the
graph represent patients remaining at risk. LR, Limited RV-tomy; CR, con-
ventional RV-tomy.
892 The Journal of Thoracic and Cardiovascular Surgdysfunction compared with conventional RV-tomy in the
long term. However, such a hypothesis has not been clearly
demonstrated to date and the present study was conducted
to test this hypothesis.
To our knowledge, there have been no studies comparing
RV volume and function measured by MRI, which is the
gold standard for evaluating these parameters, between pa-
tients with limited and conventional RV-tomy in the long
term after transannular repair of TOF. Contrary to our initial
expectation, we found that limited RV-tomy in the setting of
transannular TOF repair did not show long-term benefits
compared with conventional RV-tomy in terms of RV vol-
ume and function. In addition, there were no differences
in clinical outcomes such as late survival, rate of PVR,
arrhythmia, and exercise capacity between the 2 groups.
These results were unexpected, because numerous studies
have already shown the detrimental role of RVoutflow tract
patch or dysfunction in patients with repaired TOF.22-28
Detrimental Role of RV Outflow Tract Patch or
Dysfunction
In a long-term follow-up study of 191 patients who had un-
dergone transventricular repair of TOF, d’Udekem and col-
leagues23 found that direct closure of the RV-tomy achieved
better freedom from adverse events (cardiac death, PVR,
and impaired functional status) than transannular orRVpatch-
ing. They found that there was no difference between RVand
transannular patchingwith regard to late clinical outcome,RV
size, or incidence of severe PR. Similarity in the outcomes of
patients with an RV patch and thosewith a transannular patch
has also been described by others.22,24 From this study, they
raised the hypothesis that RV infundibular contractility
might play a key role in protection of the RV againstery c March 2014
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Ddeleterious consequences of the chronic volume overload
related to PR. This hypothesis was further supported by
their another study comparing patients who had undergone
pulmonary commissurotomy for isolated pulmonary
stenosis or transventricular repair of TOF.25 In that study, it
was found that freedom from adverse events (cardiac death,
PVR, and impaired functional status) was better in patients
with isolated commissurotomy despite similar degrees of
PR. Recently, Puranik and colleagues28 reported an MRI
study comparing patients who underwent transannular repair
of TOFwith patients who underwent surgical or percutaneous
valvotomy for valvular pulmonary stenosis. They found that,
although PR fractions and indexed RVend-diastolic volumes
were similar between the groups, indexed RV end-systolic
volume was higher and RV EF was lower in patients with
TOF compared with pulmonary stenosis. These findings
also suggest the detrimental effect ofRVoutflow tract contrac-
tile dysfunction on global RV function, although completely
different disease entities were compared.
Explanations for the Findings of This Study
Based on the studies mentioned earlier, it is reasonable to
hypothesize that limited RV-tomy in the setting of transannu-
lar TOF repair, compared with conventional RV-tomy, might
protect patients from progressive RV dilatation and dysfunc-
tion in the long term. However, our study failed to prove this
hypothesis. There are a few explanations for this. First, pres-
ervation of pulmonary valve function might be more impor-
tant than a 1- to 2-cm difference in the length of transannular
RV-tomy. A transannular patch inevitably causes PR.
Although PR will be less initially if a transannular patch is
small, it may get worse as the patient grows. In a mid-to-
late follow-up study of 59 patients who had undergone trans-
atrial transpulmonary repair of TOF (transannular patch in
71%), van den Berg and colleagues29 found that these pa-
tients showed RV dilatation and dysfunction assessed by
MRI and that larger RV dilatation and poorer RV EF were
associated with a longer interval since repair. They specu-
lated that, even in patients with TOF corrected according to
current surgical strategies, gradual deterioration of RV func-
tion with volume overload seemed inevitable. RV volume
and function in patients with a limited transannular patch
in their study were similar to those in patients with a conven-
tional transannular patch in our study, although such a com-
parison can be problematic. Second, aggressive resection of
RV outflow tract muscle bundles might contribute more to
late RV dilatation and dysfunction than the extent of RV-
tomy. In a study assessing RV volume and function with
MRI in 85 patients with repaired TOF, Davlouros and col-
leagues24 found that RV outflow tract aneurysm or akinesia
was related in part to RVoutflow tract or transannular patch-
ing and that RVoutflow tract aneurysm or akinesia was asso-
ciated with RV dilatation and dysfunction. They have shown
that RVoutflow tract aneurysm or akinesia was also presentThe Journal of Thoracic and Cain a significant number of patients who did not undergo a
patch type of repair and speculated that other factors, such
as extreme infundibular resection with or without ischemic
insult (perhaps caused by conal branch interruption), were
also responsible for the genesis of RVoutflow tract aneurysm
or akinesia. In an MRI study evaluating different adaptations
of the 3 components of the RV to chronic volume overload
after TOF repair, Bodhey and colleagues26 found that there
was significant increase in end-systolic volume and decrease
in the EF of the RVoutlet component compared with healthy
controls. They also found that these changes were not
affected by the surgical technique (infundibulectomy only
vs infundibulectomy with transannular patch). Third,
although preserving RV infundibular function in TOF repair
has been emphasized,17,30 the exact contribution of the
infundibulum, in which a transannular incision is made, to
global RV function is controversial. In an MRI study of
systolic RV function in young individuals without heart
disease, Geva and colleagues31 demonstrated that the infun-
dibulum contributed to only 13% of the total RV stroke vol-
ume. Bodhey and colleagues26 found that stroke volume of
the infundibulum was 25% of the total RV stroke volume
in healthy individuals.
Outcomes of the Transatrial Versus Transventricular
Approach for TOF Repair
There are few studies comparing the outcomes of the
transatrial approach versus the transventricular approach
(ie, limited RV-tomy vs conventional transannular RV-
tomy) for TOF repair.32-34 In a midterm follow-up study us-
ing angiography, Miura and colleagues32 found that the
transatrial approach provided better postoperative global
RV function and its reserve, with less impaired regional
wall motion, than the transventricular approach. In a long-
term follow-up study, Atallah-Yunes and colleagues33
found that the transatrial approach with a small RV incision
(<2 cm) resulted in significantly less RV dilatation and bet-
ter preservation of RV function, as assessed by echocardiog-
raphy, compared with the transventricular approach with a
large RV incision (half the length of the RV). In a midterm
follow-up study, Alexiou and colleagues34 reported that
transventricular and transatrial repair were both associated
with a low incidence of late arrhythmias, good biventricular
function, and excellent survival. However, they found that
the transatrial approach had a disturbing incidence of early
and midterm RVoutflow tract obstruction, probably caused
by inadequate RVoutflow tract muscle resection, even when
a transannular patch was used.
There is no long-term follow-up study evaluating the out-
comes of transatrial transpulmonary TOF repair and only a
few midterm follow-up studies have been reported
recently.30,35 In a study of 140 patients who had undergone
transatrial transpulmonary repair of TOF, Bove and
colleagues30 reported that increased length of therdiovascular Surgery c Volume 147, Number 3 893
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RV dilatation assessed by echocardiography and that a side
effect of the adoption of an RVoutflow tractsparing policy
in their series was a higher reoperation rate for residual or
recurrent RVoutflow tract obstruction. In a study of 245 pa-
tients who had undergone transatrial transpulmonary repair
of TOF (transannular patch in 74%), Sfyridis and col-
leagues35 reported that the rate of PVR was relatively low,
RV function remained well preserved, and significant ar-
rhythmias were not encountered. In contrast to previous
studies,30,34 they did not find the problem of residual or
recurrent RV outflow tract obstruction. They have also
reported that, in patients who had a transannular patch,
there was no influence of the degree of transannular
extension (<10 mm or 10-15 mm) on the rate of late PVR.
They speculated that even a minimal incision through the
pulmonary valve annulus onto the RV infundibulum might
lead to progressive PR and more PVR might become
necessary in the future. Because randomized trials
comparing different surgical approaches for TOF repair are
not likely to be conducted in the future, long-term follow-
up studies clearly elucidating the outcomes of the transatrial
transpulmonary approach with limited transannular incision
are worth waiting for. In addition, because the transannular
patch remains the most prevalent technique currently used
for TOF repair,3,4 more efforts should be made to preserve
pulmonary valve function, just like the efforts currently
being made to limit the extent of transannular RV-tomy.
Limitations of the Study
The study is limited by its retrospective nature. The pre-
sent study population does not represent the entire spectrum
of patients who underwent transannular TOF repair, because
only the patients who had undergone MRI examination were
included. Because of the relatively small number of patients
in the limited RV-tomy group, the study might have been un-
derpowered to detect differences inMRI parameters between
the 2 groups. Similarly, because electrocardiographic data
were available in only 67% of the study population and car-
diopulmonary exercise test data in only 42%, there may not
have been adequate power to detect differences between the 2
groups. Many surgeons were involved in the repair of our
study patients. Therefore, repair techniques, such as width
of the transannular patch and removal of the pulmonary valve
leaflets, were not constant. Such technical details other than
the length of RV incision might also have influenced the
long-term outcomes of our patients. Much longer follow-up
is mandatory to draw definitive conclusions about the effect
of the extent of RV-tomy on clinical outcomes such as ar-
rhythmias and late survival.
CONCLUSIONS
No long-term benefits of limited RV-tomy were demon-
strated compared with conventional RV-tomy in patients894 The Journal of Thoracic and Cardiovascular Surgwho underwent transannular TOF repair, at least in terms
of RV volume and function. However, the findings of our
study should not be interpreted as discouraging the use of
the transatrial transpulmonary approach for TOF repair.
Further studies are necessary to define the role of limited
RV-tomy in patients who undergo transannular TOF repair.References
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Dr Tom R. Karl (Brisbane, Australia). Thank you for your
elegant presentation. In your talk you contend that the nonindexed
extent of the right ventricular incision and the approach to VSD
closure in tetralogy of Fallot have no influence on late RV systolic
and diastolic volumes. Many groups feel that the transventricular
approach to VSD closure in tetralogy is primarily of historical in-
terest; these results would certainly seem disappointing to advo-
cates of transatrial transpulmonary repair. We may have some
issues with the interpretation of the data or perhaps with the selec-
tion of patients. The Royal Children’s Hospital (RCH) cohort orig-
inally described in the 1992 article cited in your presentation haveThe Journal of Thoracic and Cabeen followed up to the current time and the 25-year actuarial
freedom from reintervention for pulmonary valve implant is about
85% and from reoperation for right ventricular outflow tract
obstruction about 89%. So we stand by the statements that we
made in the 1992 publication, and I thank the current RCH team
for providing the data.
What was the indication for MRI in your patients and did the
probability of undergoing MRI differ between the two cohorts?
With propensity score matching you can get a lot of useful infor-
mation, but in this case you have not accounted for the year of
operation, which you have stated might be important, because
there was a trend for use of the transatrial transpulmonary repair
in the later part of the series.
Likewise, to isolate the effect of the ventriculotomy itself, one
would have to account for the degree of pulmonary insufficiency
immediately after repair to establish a baseline. I wonder if this
factor was taken into account?
And lastly, the Sung repair, an excellent Korean contribution,
has become the standard of care for tetralogy patients in my own
unit. I wonder if limitation of pulmonary insufficiency was attemp-
ted by way of valve reconstruction in any patients in your study as
part of the right ventricular outflow tract repair?
Dr Lee. Thank you verymuch for your excellent comments, Tom.
For the first question, I think that’s a very good point to start.
The present study population does not represent the entire spec-
trum of patients who underwent tetralogy repair during the same
period because only patients with MRI were included in the study.
I know that this is one of the limitations of our study.
Usually our cardiologists prescribed MRI to accurately assess
RV volume and function and to determine the timing of pulmonary
valve replacement when they found a significantly dilated right
ventricle on follow-up echocardiography. Therefore, if there is a
significant difference in the proportion of patients who underwent
MRI between the two groups, for example, 30% for the conven-
tional RV-tomy group and 10% for the limited RV-tomy group,
one can argue that comparison between such groups with MRI ex-
amination can be misleading. So I looked back to our original
cohort of patients and found that about 9% of the patients with
transatrial repair and about 11% of the patients with transventric-
ular repair underwent MRI examination. I think that this is not a
big difference and comparing the two groups who had undergone
MRI examination might not have distorted the entire picture of the
patient population.
For the second question about the year of operation, I agree that
the year of operation should be considered in the analysis. Over the
20 years in which repair was performed on these patients, many
things have changed, such as techniques of repair, methods of
myocardial protection, surgeons doing the repair, and details of
postoperative management. I think that all these changes might
have influenced the long-term outcomes of the patients included
in the study. However, including the year of operation in the pro-
pensity score model might have produced a very small number
of matched pairs for comparison. So we did not include the year
of operation to obtain adequate statistical power of the analysis.
For the third question: what was the third question?
Dr Karl. The third question was about trying to separate the ef-
fect of the ventriculotomy from the effect of pulmonary insuffi-
ciency immediately after the operation and whether it would be
possible or advisable to do that in such a study.rdiovascular Surgery c Volume 147, Number 3 895
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DDr Lee. I don’t have detailed data to answer that question, sorry.
Dr Karl. And the last question was whether you had attempted
any type of valve reconstruction?
Dr Lee. I know that technique, Sung’s technique for valve
repair at the time of transannular RVoutflow tract reconstruction.
In our patient cohort, no patients underwent valve repair at the time
of transannular reconstruction; however, one of my colleagues in
our center is doing that kind of repair using GoreTex membrane.
I think that’s a very good option at the time of transannular repair.
Dr Karl. Thank you. You’ve answered the questions very well.
DrChristianBrizard (Melbourne, Australia). Tom, it ismyduty
to advocate for transatrial transpulmonary repair. The essence of the
transatrial repair is to preserve the right ventricle by two means: a
limited ventriculotomy allows a relatively small pulmonary orifice,
it preserves the epicardium and therefore the coronary supply to
the infundibulum, but it is also away to preserve some degree of ste-
nosis in the infundibulum. We believe that the essence of the trans-
atrial repair is to preserve some degree of stenosis that will allow for
preservation of the ventricular mass and a mildly reduced RV
compliance, which in turn, will contain the pulmonary regurgitation.
You have provided a very extensive set of data, but there is no
mention of a gradient in the right ventricular outflow tract. And
you will hear tomorrow that there are many ways to skin a cat.
A transatrial repair can be done leaving significant residual steno-
sis, or it can be done with very extensive resection without a resid-
ual gradient; in that case, the transatrial repair is really not different
from a transventricular repair. So I think in your data it is very
important for the comprehension of your results whether there is
a residual gradient or not.
Dr Lee. Thank you. For our study patients, there was no signif-
icant RVoutflow tract obstruction in patients who underwent trans-
atrial repair of tetralogy. I agree with your opinion that leaving
some degree of RV outflow tract stenosis might be important for
the future prevention of severe pulmonary regurgitation and RV
dysfunction.896 The Journal of Thoracic and Cardiovascular SurgDr Brizard. Thank you.
Dr Pedro J. del Nido (Boston, Mass). If I could follow up on
that question, because the concept of leaving some degree of ste-
nosis at the time of original repair has been brought up before,
but it’s curious to see that the problem occurs 10 to 12 years later
when that stenosis is no longer relevant.
Looking specifically at the degree of pulmonary regurgitation,
were there differences in the volume of regurgitation when you
did the MRI in the transannular versus the minimal incision versus
the conventional repair?
Dr Lee. There was no significant difference in the pulmonary
regurgitation fraction between the two groups.
Dr del Nido.Well, I’m thinking more of the volume, the actual
volume, rather than the fraction.
Dr Lee. Sorry, I don’t have data to answer that.
Dr del Nido. Because that would argue strongly that it’s about
lack of a valve rather than the extent of the incision.
Dr Christopher A. Caldarone (Toronto, Ontario, Canada).
Reading this abstract, one would have anticipated that the regurgi-
tant fraction would have been larger in the patients with conven-
tional ventriculotomy but that wasn’t the case. So an alternative
way to interpret all the data would be that there really wasn’t
much difference between the groups, and the right ventriculotomy
is similar in both groups. Do you havemore information about how
big the ventriculotomies were in the patients in the conventional
group?
Dr Lee. Unfortunately, I don’t have accurate information
about the actual length of the RV incisions, for example, 8 mm
for patient A, 5 mm for patient B, so that we can get an indexed
RV incision length. All we know is that for the patient with
limited RV incision, the incision length was less than 1 cm,
because we closed the VSD through the right atrium. And for
the conventional RV-tomy group, it was much bigger, probably
2 to 3 cm, because the VSDwas closed, should be closed, through
the right ventricle.ery c March 2014
